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DNA studiesAbstract A new tetradentate binucleating ligand [H2L] has been synthesized by condensation
between 3, 30-diaminobenzidine and o-hydroxyacetophenone in the molar ratio 1:4. The reaction
of the ligand with metal chelation leads to bimolecular complexes of the general formula
[M2(L)]. The ligand and metal complexes have been characterized by elemental analysis, UV,
IR, . . . 1H NMR, 13C NMR, conductivity measurements and magnetic studies. In conductivity
experiments, all metal chelates showed to be non-electrolytic in nature. The bonding sites are the
nitrogen atoms of the azomethine and the oxygen atoms of the phenolic groups. The anti-microbial
activities were screened against one Gram-positive bacterium (Streptococcus pyogenes) and one
Gram-negative bacterium (Klebsella pneumoniae). The anti-fungal activity was screened against
Asperigillus ﬂavus. All complexes showed signiﬁcant anti-bacterial and anti-fungal activities. The
DNA binding studies were performed by electronic spectroscopy, cyclic voltammetry studies and
viscosity measurements. The cleavage studies of these complexes are investigated by gel electropho-
resis method in the presence of peroxide. All complexes cleaved efﬁciently and the complex interacts
with DNA through an intercalating way.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The syntheses of binuclear Schiff base metal complexes are
increasing, due to their applications in the area such as catal-
ysis, enzymatic reaction, magnetism and bio-inorganic model-
ing studies. The Schiff base metal complexes showed promising
biological activities (Jayaseelan et al., 2011; Anbu et al.,
626 P. Jayaseelan et al.2009a,b; Patel et al., 2010; Senthil Kumar and Arunachalam,
2009; Shao and Chen, 2009). The drugs showed increasing
activity when administrated as metal complexes rather than or-
ganic compounds. The ﬁrst copper complex reported to show
efﬁcient DNA cleavage activity bis (1,10 phenanthroline) cop-
per(I), and then the chemistry of metal complexes of 1,10 phe-
nanthroline or modiﬁed ligand were developed as therapeutic
agents (Sigman et al., 1979). Copper is a biologically relevant
element and many enzymes that depend on copper for their
activity have been identiﬁed. It is known, that binuclear cop-
per(II) complexes have a greater cleaving efﬁciency or DNA
interaction than the mononuclear complexes (Oliveira et al.,
2005). Vanadium has acquired a renewed interest since the dis-
covery of vanadium in organisms such as certain ascidians and
Amanita muscaria mushrooms and as a constituent of the
cofactors in vanadate-dependent haloperoxidases and vana-
dium nitrogenase. Vanadium complexes with Schiff base were
reported to exhibit a range of biological activities including
anti-tuberculosis, antibacterial, and antifungal properties
(Maqsood et al., 2006). Zinc is essential to all forms of life
and a large number of diseases and congenital disorders have
been traced to zinc deﬁciency. Zinc is a natural component
of insulin and it controls sugar metabolism. Several zinc en-
zymes have been reported viz. carbonic anhydrase, carboxy
peptidase, alcohol dehydrogenases, aldoses, proteases, phos-
phatases, DNA- and RNA-polymerases, etc. (Mills, 1989). In
order to develop a new anti-cancer drug, the binding mecha-
nism of the complex with DNA should be studied. The inter-
calative mode is the most important mode in which
transition metal complexes can intercalate between the pair-
bases of double helix DNA, forming a p–p overlapping inter-
action. It is the interaction that generally affects or changes the
DNA conventional behavior and so the transition metal com-
plexes possess a very broad application background in the ﬁeld
of bio-inorganic chemistry (Miao et al., 2009).
The main target of this present article is to study the coor-
dination behavior of the new Schiff base with metals [Cu(II),
Ni(II), Zn(II) and VO(II)] and to evaluate their anti-microbial,
DNA binding and cleavage activities.
2. Experimental
2.1. Materials and reagents
All chemicals used were of analytical reagent grade and the
solvents were dried and distilled before use according to
standard procedure (Vogel, 1989). o-Hydroxyacetophenone,
3,30-diaminobenzidine and all metal salts were purchased from
Aldrich and were used as received.
2.2. Physical measurements (apparatus and experimental
condition)
C, H and N contents were determined by Perkin Elmer CHN
2400 elemental analyzer and IR Spectra were recorded in the
range 4000 cm1 to 400 cm1 with a Perkin–Elmer model
883 in KBr. The molar conductance of the complexes in
DMF (103 M) solution was measured at 27 ± 3 C with an
Elico model conductivity meter. The melting points were deter-
mined by Buchi 530 apparatus. UV–visible spectra were
recorded in DMF with Perkin–Elmer Lambda 35 spectropho-tometer in the range of 200–800 nm. 1H and 13C NMR spectra
were recorded on a Bruker 300 Hz spectrometer using DMSO
d6 as solvent. Chemical shifts are reported in ppm relative to
tetramethylsilane, using the solvent signal as internal reference.
The room temperature magnetic moments were measured on a
PAR vibrating sample magnetometer (Model-155). Cyclic vol-
tammograms were recorded on a fully computer controlled
system (CHI 760 Model), using 3-electrode cell assembly with
platinum electrode as working electrode, standard calomel as
reference electrode and platinum as auxiliary electrode.
2.3. Microbial activity
The Schiff base ligand and its complexes were investigated for
anti-bacterial and anti-fungal against Streptococcus pyogenes
as Gram-positive bacterium and Klebsiella pneumoniae as
Gram-negative and the fungus Aspergillus ﬂavus by using the
disk-agar diffusion method (Anbu et al., 2009a,b). The antibi-
otic chloramphenicol was used as standard reference in the
case of Gram-negative bacteria, Tetracycline was used as stan-
dard reference in case of gram positive bacteria and clotrima-
zole was used as standard anti-fungal reference. The tested
compounds were dissolved in DMSO (which have no inhibi-
tion activity), to get concentrations of 50, 100, 150 lg/mL.
The test was performed on the potato dextrose agar medium
containing infusion of 200 g potatoes, 6 g dextrose and 15 g
agar. Uniform size ﬁlter paper disks (3 disks per compound)
were impregnated with an equal volume from the speciﬁc con-
centration of dissolved tested compounds and carefully placed
on the incubated agar surface. After incubation for 36 h at
27 C in the case of bacteria and for 48 h at 24 C in the case
of fungus, the inhibition of the organism which is evidenced by
a clear zone surrounding each disk was measured and used to
calculate the mean of inhibition zones.
2.4. DNA binding studies
The DNA binding experiments were performed in Tris–HCl/
NaCl buffer (50 mMTrisHCl/1 mMNaCl buffer, pH7.5) using
DMF (dimethylformamide) solution of the metal complexes.
The concentration of calf thymus (CT) DNA was determined
from the absorption intensity at 260 nm with a e value (Li
et al., 2010) of 6600 M1 cm1. Absorption titration experi-
ments were made using different concentrations of CT-DNA
[40, 60, 80 lM], keeping the concentration of the complexes con-
stant, with due correction for the absorbance of the CT-DNA it-
self. Samples were equilibrated before recording each spectrum.
2.5. Viscosity measurements
Relative viscosity measurements were carried out using an Ub-
belohde viscometer maintained at a constant temperature of
27.0 (±0.1)C in a thermostatic bath. Flow time was measured
with a digital stopwatch. Each sample was measured three
times and an average ﬂow time was calculated. Data were pre-
sented as (g/g0)
1/3 versus binding ratio [M]/[DNA], where g is
the relative viscosity of DNA in the presence of the complex
and g0 is the viscosity of DNA alone. Viscosity values were cal-
culated from the observed ﬂow time of DNA-containing solu-
tions (t> 100 s) corrected for the ﬂow time of buffer alone
(t0), g= t – t0 (Xiong et al., 1999).
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The DNA cleavage activity of the Schiff base metal complexes
was monitored by agarose gel electrophoresis on pBR322-
DNA. The tests were performed under aerobic conditions with
H2O2 as an oxidant. Each reaction mixture contained 30 lM
of pBR322 DNA, 40 lM of each complex in DMF and
50 lM of hydrogen peroxide in 50 mM Tris–HCl buffer (pH
7.2). The reaction was incubated at 37 C for 2 h. After incu-
bation, 1 ll of loading buffer (bromophenol blue in H2O)
was added to each tube and the mixed samples were loaded
on 1% agarose gel. The electrophoresis was carried out for
2 h at 50 V in Tris–acetic acid–EDTA buffer (pH 8.3). After
electrophoresis, the gel was stained with l1 g/cm3 ethidiumbr-
omide (EB) for 30 min prior to being photographed under UV
light (Neelakandan et al., 2008).
2.7. Synthesis of ligand
o-Hydroxyacetophenone (0.5446 g; 4.0 mMol) dissolved in
methanol, and 3, 30-diaminobenzedine (0.2143 g; 1.0 mMol)
dissolved in methanol, were mixed together and reﬂuxed for
2 h at 90 C. The resulting dark brown color solution was al-
lowed to cool. The dark brown color product was obtained.
This product was ﬁltered and dried in air. Yield-85%. M.p
220 C.
2.8. Synthesis of complexes
The metal complexes were prepared by reacting Ni(ClO4)2.6-
H2O (0.7314 g; 2.0 mMol), Cu(ClO4)2.6H2O (0.7411 g;
2.0 mMol), Zn(ClO4)2.6H2O (0.7488 g; 2.0 mMol) and VO-
SO4.5H2O (0.486; 2.0 mMol) and ligand (0.686 g; 1.0 mMol)
and acetone were mixed separately then the solutions were
mixed and reﬂuxed for about 2 h at 90 C. The resulting prod-
uct was ﬁltered and dried in desiccators by using silica gel
(Fig. 1).
3. Results and discussion
3.1. Molar conductivity measurements
The physical properties of the synthesized binuclear com-
plexes are listed in Table 1. The results of the elemental anal-
ysis are in good agreement with the calculated values. The
metal contents of the complexes were determined according
to literature methods (Vogel, 1989). The binuclear complexes
are stable in air, non-hygroscopic, insoluble in water and
most organic solvents, but are easily soluble in DMF &
DMSO. So the single crystal could not be obtained. The elec-
trolytic nature of the complexes was measured in DMF at
103 M. The molar conductivity Km lies between 11 and
4 X1 cm2 mol1 and conﬁrms that they are non-electrolytic
(Tabl et al., 2008).
3.2. IR spectral studies
The azomethine (C‚N) stretching frequency of free ligand
appears around 1604 cm–1 which has been shifted to a lower
wave number in the range 1575–1595 cm–1 in accordance withthe coordination of the azomethine function to the metal ion
for all the complexes. This is due to the decrease in electron
density around the nitrogen atom of the azomethine group
(Table 2). A band absorbed at 1300 cm–1 has been corre-
sponding to the phenolic oxygen m(C–O). In metal complexes
this band has been shifted to a higher frequency in the range
of 1308–1322 cm–1 for all complexes and (OH) in the range
of 3370 cm–1 for all complexes has been disappeared. This is
the further evidence of the formation of complexes. The
bands at 523 to 533 cm–1 are due to the formation of (M–
O) and 415 to 450 cm–1 are due to the formation of M–N
(Murphy et al., 1987). Most of the oxovanadium(IV) com-
plexes display a strong band near 1000 cm1 assignable to
(V‚O). Contrary to this, several oxovanadium(IV) com-
plexes have been reported in which this stretching mode ap-
pears at quite a lower wave numbers around 900 cm1 due
to the presence of a –V‚O– V‚O– chain structure, which
is formed by the interaction of vanadyl oxygen of one mole-
cule with a vanadium metal in another molecule (Maurya
et al., 2012). In complex 4, (V‚O) is found at 981 cm1. This
suggests the absence of a –V‚O– V‚O– of a chain.3.3. Magnetic moment and electronic absorption spectral studies
The magnetic moment values of Cu(II) and VO(II) are 1.90
and 1.71 B.M respectively. The values are almost equal to spin
only. This indicates that the two metal centers are equivalent
and there is no interaction between two metal centers. The
pairing of electron is prevented by a greater distance between
two metal centers (Venkatachalam et al., 2008). The zero mag-
netic moments for the nickel(II) and zinc(II) binuclear complex
conﬁrm the square planar geometry of nickel(II) and tetrahe-
dral geometry of zinc(II) ion.
The electronic spectra of the binucleating ligand and
complexes were recorded in DMF solution in the region of
800 nm to 200 nm and the spectral data are listed in Table 3.
The band absorbed at 240 nm in free ligand was assigned to
pﬁ p* transition from benzene ring and the double band of
the azomethine group. The absorption bands observed in the
range of 320 to 390 nm are due to nﬁ p* transition from
the imine group corresponding to the ligand or metal com-
plexes. The copper(II) binuclear complex shows a broad
absorption peak at 620 nm and arises due to the d–d transi-
tion 2B1g ! 2A1g of Cu(II) ion suggest that the copper ion
exhibits a square planar geometry (Lever, 1984). Electronic
spectra of the nickel(II) binuclear complex shows bands at
625 nm which are assigned to 1A1g ! 1A2g transition, sug-
gesting a square planar arrangement around nickel(II) com-
plex (Lever, 1984). The diamagnetic Zn(II) complex did not
show any dﬁ d transition and the spectra were due to only
the charge transfer band at 408 nm. In analogy with those
described for Zn(II) complexes containing N–O donor Schiff
bases (Saghatforoush et al., 2008), a tetrahedral geometry
was proposed for the Zn(II) complex. The electronic spectra
of the oxovanadium(IV) complexes exhibited three dﬁ d
bands of low intensity (v1, v2 and v3) assigned to b2
(dxy)ﬁ ep(dxz, dyz), b2 (dxy)ﬁ b1 (dx2y2) and b2(dxy)ﬁ a1
(dz2) transitions respectively. The bands at 610 nm and
415 nm were assigned to b2ﬁ b1, b2ﬁ a1 suggesting a
square-pyramidal geometry of oxovanadium(IV) complexes
(Zahid et al., 2010).
Figure 1 Synthesis of Schiff base, H4L, tetra-basic with two sets of N2O2 tetradendate sites ligand and its metal complexes.
Table 1 Elemental analysis and physical parameters of binucleating ligand and its complexes.
S. No. Compound Mol. Wt Color % Yield M.p (C) Km X1 cm2 mol1 Found (Calc)%
C H N M
Ligand (C44O4N4H38) 686 Dark brown 85 220 – 76.5 (76.9) 5.4 (5.5) 8.2 (8.1) –
1 [Cu2(C44O4N4H34)] 809 Light green 80 285 11 65.0 (65.3) 4.2 (4.2) 6.8 (6.9) 15.6 (15.7)
2 [Ni2(C44O4N4H34)] 799 Deep green 75 290 4 66.0 (66.1) 4.2 (4.3) 7.1 (7.0) 14.5 (14.7)
3 [Zn2(C44O4N4H34)] 813 White 83 294 10 64.8 (65.0) 4.4 (4.2) 6.7 (6.9) 16.3 (16.1)
4 [(VO)2(C44O4N4H34)] 816 Green 77 288 8 64.5 (64.7) 4.4 (4.2) 6.9 (6.9) 12.2 (12.5)
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The structure of ligand was conﬁrmed by 1H NMR. The triplet
observed from 2.44 to 2.43 ppm is attributed to the methylgroup. The multiplets observed from 6.61 to 7.83 ppm are
due to aromatic protons. The singlet at 14.95 ppm was as-
signed to the proton of Ar–OH (Fig. 2). The structure of li-
gand was also supported by 13C NMR spectra. The methyl
Table 2 IR spectral data of binucleating ligand and its complexes (ˆ in cm1).
Compound ˆ (OH) ˆ (C‚N) ˆ (M–O) ˆ (M–N) ˆ (C–O) ˆ (V‚O)
Ligand 3370 (w, br) 1604(s) – – 1300(m)
[Cu2(L)] – 1575(s) 523(w) 440(w) 1315(m) –
[Ni2(L)] – 1575(s) 533(w) 450(w) 1308(m) –
[Zn2(L)] – 1595(s) 529(w) 415(w) 1322(m) –
[(VO)2(L)] – 1592(s) 533(w) 440(w) 1309(m) 981(s)
br: Broad, s: strong, m: medium, w: weak.
Table 3 Electronic absorption spectral data and magnetic moment values of binucleating ligand and its complexes.
Compound leﬀ (B.M) Kmax nm Assignments
pﬁ p* nﬁ p* dﬁ d
Ligand – 240 320 – –
[Cu2(L)] 1.90 270 390 620
2B1g ! 2A1g (Square planar)
[Ni2(L)] – 262 380 625
1A1g ! 1A2g (Square plannar)
[Zn2(L)] – 264 408(CT) *** (Tetrahedral)
[(VO)2(L)] 1.71 253 *** 610,415 b2ﬁ b1, b2ﬁ a1 (Square pyramidal)
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from112 ppm to 141 ppm are attributed to the aromatic car-
bons and the singlet at 162.14 is assigned to the aromatic car-
bon attached to the hydroxyl group. The peak at 173.47 was
due to the presence of the imine carbon (Fig. 3).
3.5. Electrochemical studies
The electrochemical properties of the complexes reported in
the present work were studied by cyclic voltammetry in
DMF containing TBAP as supporting electrolyte. Cyclic vol-Figure 3 13C NMR spectra of Schiff base, H4L, tetra-basic with
two sets of N2O2 tetradendate sites ligand.
Figure 2 1H NMR spectra of Schiff base, H4L, tetra-basic with
two sets of N2O2 tetradendate sites ligand.tammograms for the complexes were recorded in the potential
range from 1.2 to 2.0 V. The cyclic voltammograms are
shown in the Figs. 4–6. In copper(II) binuclear complex the
ﬁrst redox couple appears at 1030 mV and 950 mV and the sec-
ond redox potential appears at 1210 mV and 1355 mV. The
DEp1 of copper(II) complex is 80 mV and DEp2 is 145 mV. The
ratio between Ipa and Ipc is almost equal to one and DEp is
greater than 57 mV. This indicates the involvement of two sin-
gle electron transfers in the redox reaction. This shows that
copper(II) complex has followed quasi-irreversible reaction
(Fig. 4).
CuIICuII¡CuIICuI¡CuICuI
In nickel (II) binuclear complex the reduction potential ap-
pears at 375 mV, 1450 mV and oxidation potentials appears
at 650 mV, 750. The DEp1 and DEp2 are 275 mV and 700 mV
respectively. The values of DEp1 & DEp2 show that the nicke-
l(II) binuclear complex is followed by irreversible reaction
(Fig. 5).
Figure 4 Cyclic voltammogram of [Cu2(L)]. Scan rate 100 mV/s.
Figure 5 Cyclic voltammogram of [Ni2(L)]. Scan rate 100 mV/s.
Figure 6 Cyclic voltammogram of [(VO)2(L)]. Scan rate 100 mV/
s.
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In oxovanadium(IV) binuclear complex, the reduction poten-
tial was observed at 1085 mV, 814 mV and oxidation poten-
tial was observed at 908 mV, 945 mV. The DEp1 and DEp2 of
the oxovanadium(IV) binuclear complex are 177 mV, 131 mV.
The DEp values of binuclear oxovanadium(IV) complex shows
that the reaction is followed by quasi-reversible with two single
electron transfers (Fig. 6).
VIVVIV¡VVVIV¡VVVV
There is no oxidation and reduction potential observed in zin-
c(II) binuclear metal complex. This shows that the zinc(II)
complex is electrochemically inert (Table 4).
3.6. Anti-microbial studies
The Schiff base and its complexes were screened for their anti
microbial activity against Streptococcus pyogenes as gram po-
sitive bacterium and Klebsella pnuemoniae as gram negative
and the fungus Aspergillus ﬂavus by using the disk-agar diffu-
sion method (Sang and Lin, 2010) with different concentra-
tions (50, 100 and 150 lg/mL). The value indicates that all
complexes have a higher anti microbial activity than the free
ligand. This is due to the greater lipophilic nature of the com-
plexes. When concentration of the complexes increases, the
activity also increases. The concentration plays a vital role in
increasing the degree of inhibition. The higher anti microbial
activity of the metal complexes compared to ligand may be
due to the change in structure or coordination and chelating
tends to make metal complexes act more powerful and potent
bactereostatic agents, thus inhibiting the growth of the bacte-
ria (Shanker et al., 2009; Atabay et al., 2005). This increase
in the activity of the complexes can be explained on the basis
of chelation theory (Tweedy, 1964). Chelation considerably re-
duces the polarity of the metal ion because of partial sharing of
its positive charge with donor groups and possible electron
delocalization over the whole chelate ring. Such a chelation
could enhance the lipophilic character of the central metal
atom, which subsequently favors its permeation through the li-
pid layer of the cell membrane. The copper (II) complex shows
a higher antifungal activity and antibacterial activity than
other complexes (Table 5). The variation in the effectiveness
of different compounds against different organisms depends
either on the impermeability of the cells of the microbes or
on differences in ribosome of microbial cells (El Tabl et al.,
2008).
3.7. DNA binding studies
3.7.1. Electronic absorption spectral studies
The interaction of copper(II) binuclear complex with CT-
DNA has been investigated by UV absorption spectroscopy.
The binding ability of the complex with CT-DNA was studied
by UV spectroscopy by following the intensity changes of the
pﬁ p* transition band at 270 nm. Generally DNA binding is
in three modes (i) Electrostatic interaction with the negatively
charged nucleic sugar-phosphate structure, which are along the
external DNA double helix and do not possess selectivity (ii)
binding interaction with two grooves of DNA double helix
and (iii) intercalation between the stacked base pairs of native
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Figure 7 Absorption spectra of copper(II)complex in the
absence and in the presence of CT-DNA. (a)-Metal complex only,
(b)-Complex with CT-DNA (40 lM), (c)-Complex with CT-DNA
(60 lM) and (d)-Complex with CT-DNA(80 lM).
Table 4 Electrochemical data of the metal complexes.
S. No. Compound Epc (mV) Epa (mV) DEp1 (mV) Epc (mV) Epa (mV) DEp2 (mV)
1 [Cu2(L)] 1030 950 80 1210 1355 145
2 [Ni2(L)] 375 650 275 750 1450 700
3 [Zn2(L)] *** *** *** *** *** ***
4 [(VO)2(L)] 1085 908 177 814 945 131
Supporting electrolyte: Tetrabutylammonium perchlorate (0.05 M).
Complex concentration: 0.01 M.
Solvent: DMF.
Scan rate: 100 mV s–1.
DEp = Epa – Epc (Epa and Epc are anodic and cathodic potentials respectively).
Table 5 Anti-microbial activities of binucleating ligand and its metal complexes.
Sample Bacteria Fungus A.ﬂavus
Gram-positive Gram-negative
S.pyogenes K.pneumoniae
50 lg/mL 100 lg/mL 150 lg/mL 50 lg/mL 100 lg/mL 150 lg/mL 50 lg/mL 100 lg/mL 150 lg/mL
Ligand 4 7 9 3 6 8 3 5 6
[Cu2(L)] 10 13 18 12 16 19 10 13 15
[Ni2(L)] 9 11 15 10 14 15 8 12 13
[Zn2(L)] 8 12 17 10 15 17 9 12 14
[(VO)2(L)] 8 10 14 9 13 14 7 9 11
Tetracycline 20 24 27
Chloramphenicol 23 25 29
Clotrimazole 18 22 24
Inhibition zone in mm.
Concentration 50, 100, 150 lg/mL.
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mic effect are the spectral features of DNA concerning its dou-
ble helix structure. Hypochromism results from the
contraction of DNA in the helix axis, as well as from the
change in conformation on DNA, while hyperchromism re-
sults from the damage of the DNA double helix structure (Li
et al., 1996). The absorption spectra of the metal complex
bound to DNA through intercalation exhibit signiﬁcant hypo-
chromism and red shift due to the strong pﬁ p* stacking
interaction between the aromatic chromophore ligand of metal
complex and the base pairs of DNA. In copper(II) binuclear
complex the decrease in absorption intensity (hypo) with a
slight red shift was observed nearly at 6, 10, 13 nm respectively,
with increasing concentrations (40, 60, 80 lM). This is due to
intercalation binding between DNA and metal complex
(Fig. 7).
3.7.2. Viscosity measurements
Viscosity measurements are used to investigate the binding
modes of complex with DNA. Optical photophysical probes
provide necessary, but not sufﬁcient, clues to support a bind-
ing model. To further clarify the interactions between the com-
plex and DNA, viscosity measurements were carried out.
Viscosity measurements that are sensitive to length change
are regarded as the least ambiguous and the most critical tests
of a binding model in a solution in the absence of crystallo-
graphic structural data (Satyanarayana et al., 1992). A classi-
cal intercalation model demands that the DNA helix mustlengthen as base pairs are separated to accommodate the bind-
ing ligand, leading to the increase of DNA viscosity. In con-
trast, a partial intercalation ligand could bend (or kink) the
DNA helix, reduce its effective length and, concomitantly, its
viscosity (Satyanarayana et al., 1993). In Fig. 8, the relative
Figure 9 Cyclic voltammogram: a = [Cu2(L)] without DNA,
b = [Cu2(L)] with DNA.
Figure 10 Cleavage of pBR322-DNA (30 lM) by the metal
complexes (40 lM) in the presence of H2O2. From left to right
Lane 1. Control; Lane 2. DNA+ Copper(II) complex + H2O2;
Lane 3. DNA+Nickel(II) complex + H2O2; Lane 4. DNA+
Zinc(II) complex + H2O2; Lane 5. DNA+Oxovanadium(IV)
complex + H2O2.
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Figure 8 The effect of the increasing amount of metal(II)
complex on the relative viscosity of DNA at 27 ± 0.1 C (20 lM,
40 lM, 60 lM, 80 lM).
632 P. Jayaseelan et al.viscosity increased with the addition of metal complexes,
showing that all metal (II) complexes bind with DNA in the
classical intercalation mode.
3.7.3. Cyclic voltammetric studies
The application of cyclic voltammetry (CV) to the study of the
binding of metal complexes to DNA provides a useful comple-
ment to the above methods of investigations. In the absence of
DNA, the ﬁrst redox potential of copper complex appears at
1030 mV and 950 mV. The DEp1 was 80 mV and the second re-
dox potential appears at –1210 mV, and –1355 mV. The DEp2
was 145 mV. In these two redox couples, the ratio of Ipa/Ipc is
approximately unity. This indicates that the reaction of the
complex on the platinum electrode surface is a quasi-reversible
redox process. With the addition of DNA to the complex the
ﬁrst redox couple causes an increase in DEp1 from 80 mV to
95 mV and in the second redox couple causes an increase in
DEp2 from 145 mV to 155 mV. The shift of the redox potential
of the complexes in the presence of DNA to more positive val-
ues indicates a binding interaction between the complex and
DNA that makes the complexes less readily reducible
(Fig. 9). The changes of the voltammetric currents in the pres-
ence of CT-DNA can be attributed to the diffusion of the me-
tal complex bound to the large, slowly diffusing DNA
molecule (Raman et al., 2010). The changes of the peak cur-
rents observed for the complexes upon the addition of CT-
DNA may indicate that the copper complex possesses a
DNA-binding afﬁnity.
3.8. DNA cleavage studies by gel electrophoresis method
More appropriately both the naturally occurring DNA cleav-
age agents and man-made compounds that can speciﬁcally rec-
ognize and cut DNA have been termed as chemical nucleases
(Chin et al., 1981). The DNA cleavage studies were performed
with the gel electrophoresis method. Gel electrophoresis exper-
iments were performed using pBR322-DNA with ligand, com-
plexes in the presence of H2O2. Complexes exhibit cleavage
ability at low concentration (40 lM). When DNA is subjected
to electrophoresis, relatively fast migration will be observed forthe intact super coil form (Form I). If scission occurs on one
strand (nicking), the super coil will relax to generate a slower
moving open circular form (Form II). If both strands are
cleaved, a linear form (Form III) that migrates between
Forms-I and -II will be generated (Zhang et al., 2002). From
Fig. 10 all the complexes show more activities in the presence
of oxidants which may due to the reaction of hydroxyl radicals
with DNA. These hydroxyl free radicals participate in the oxi-
dation of the dexoyribose moiety followed by the hydroxyl
cleavage of sugar phosphate backbone.
In control experiment using DNA lane (1) does not show
any signiﬁcant cleavage of DNA even after long exposure time.
The copper(II) and zinc(II) binuclear complexes (lane 2 and 4)
Form I and Form II were observed. In nickel(II) and oxovana-
dium(IV) binuclear complexes (lane 3 and 5), Form I, Form II
and Form III were observed. The different cleavage efﬁciency
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complexes to DNA.4. Conclusion
The synthesized ligand and its metal complexes have been
characterized by physico-chemical methods. The spectro-
scopic data of the metal complex indicate that the metal ions
were complexed with nitrogen of the imine and phenolic oxy-
gen atoms. The metal ions in metal(II) binuclear complexes
1,and 2, have a square planar geometry, 3 has a tetrahedral
and 4 has a square pyramidal geometry. The room tempera-
ture magnetic moment value shows that there is no anti-fer-
romagnetic spin exchange interaction between two metal
centers. The cyclic voltammetry result predicts that the binu-
clear metal(II) complexes 1 and 4 display one electron trans-
fer quasi-irreversible waves. The binuclear complex 2 is
followed by irreversible reactions. In anti-bacterial studies,
copper (II) complex has good anti-fungal activity and anti
bacterial activity than other complexes. The DNA binding
experiment results suggest that the complex binding with
DNA is by an intercalative mode. In DNA cleavage, all com-
plexes have a signiﬁcant activity than the ligand. The present
work would be helpful to understand the interaction mecha-
nism of the complexes with DNA and useful in the develop-
ment of new chemotherapy drugs.
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